With an increase in the number of Green Standard for Energy and Environmental Design (G-SEED)-certified apartments in South Korea, people are receiving incentives from the government to purchase them. Since 2013, many benefits for G-SEED-certified buildings have been offered, such as tax reductions and deregulation of building codes/guidelines. As beneficial incentives are granted to G-SEED-certified buildings, follow-up management of the buildings is also necessary. However, to date, there are no appropriate follow-up management systems or legal regulations for G-SEED-certified buildings. Buildings that are certified by G-SEED in Korean housing buildings account for 6.25% of Korea's total area. In addition, G-SEED certification has been obtained for more than 20% of the total completed housing area (2014)(2015)(2016)(2017). Therefore, the energy efficiency-management of G-SEED certified buildings is also very important economically for reducing greenhouse gas emissions. In this study, domestic and foreign energy efficiency follow-up management systems were analyzed, and the amount of energy that is used by apartment houses with incentives was investigated. We have identified problems with the G-SEED system by analyzing evaluation methods, evaluation items, and points of G-SEED certification in related research studies. We also compared the energy consumption of an apartment building with G-SEED certification with that of adjacent complexes, thereby applying original research methods. The results show that energy use in G-SEED-certified buildings was not efficient. Accordingly, the study confirms that continuous management after G-SEED certification by establishing a follow-up management system is needed. In this study, domestic and foreign follow-up management systems were compared, problems with the apartment housing information management system run by the government were examined, and improvement measures were suggested.
Introduction
Greenhouse gases have negative effects that affect global climate change, energy security, and the economy, among others [1] [2] [3] . Recognizing the need for countermeasures to deal with greenhouse gas reduction policies and climate change, major countries, such as European Union (E.U.) countries, the United States of America (U.S.A.), the United Kingdom (U.K.) Japan, and China, are adopting greenhouse gas reduction policy packages, although at different rates and intensities [2] .
The amount of greenhouse gas emissions in the building sector accounts for 25% of worldwide greenhouse gas emissions [3] . The building sector is considered to be the sector that requires the lowest As G-SEED certification has been made compulsory, follow-up management of buildings with G-SEED has become important. In particular, the number of G-SEED-certified buildings rapidly increased since 2013, when the incentive system was initiated [23] . However, systems to manage buildings after certification are insufficient, and legal regulations on follow-up management are lacking [26, 27] . It is impossible to confirm whether the energy savings is actually a result of the process of G- SEED certification This study aims to analyze the amount of energy that is used by apartments in apartment buildings in South Korea, which have obtained G-SEED certification and made use of incentives, and examines the energy efficiency in terms of follow-up management. Furthermore, to identify problems with the follow-up management system, the AMIS of South Korea is compared with those of other countries, and an improvement method is proposed.
Theoretical Consideration

Green Building Certification System in South Korea
G-SEED is a system that certifies environmentally friendly architecture in South Korea. It assesses and certifies a building's eco-friendliness to reduce the environmental load of the building and enhance environmental functions, for instance, decreasing the energy use and carbon dioxide emissions of the building. The certification parameters are different depending on the use of the building. The G-SEED certification examination sets standards for apartment houses, which are categorized into a total of eight areas [21] . The assigned score of the energy and environmental pollution areas is 21 points, which becomes 25 points when weighting is applied. Energy performance corresponds to 14.3 points for a perfect score when weighting is applied.
Energy conservation is evaluated on the basis of points that are obtained through the energy performance index examination of a building's energy saving design standard (assigned by the Ministry of Land, Infrastructure, and Transport (MOLIT)) or its energy efficiency certification grade. The energy efficiency grade is an assessment item of G-SEED and is obligatory at the actual energy use stage.
Therefore, to investigate the energy efficiency of apartment houses, the effectiveness of follow-up management can be analyzed if the predicted energy efficiency at the unit planning stage is compared to the present energy performance in the building. Table 1 shows the differences in energy efficiency certification systems between South Korea and Europe, the U.S.A., and Japan. These countries were designated by the Kyoto Protocol (1995) to establish agencies for greenhouse gas reduction obligations. Therefore, a system to reduce greenhouse gas emissions was established earlier in these countries than in other countries (Energy star: 1994 [28,29] , CASBEE: 2001 [30] , and EPBD: 2002 [4] [5] [6] 31, 32] ). Due to the institution of these systems, problems could be promptly presented and investigated as they occurred. While energy efficiency in Europe is continuously managed during various stages of building use, energy efficiency in the U.S.A., Japan, and South Korea is only planned and certified. The Energy Performance of Buildings Directive (EPBD) of Europe manages the actual amount of energy used for all buildings. However, in the cases of Energy Star in the U.S.A., the Comprehensive Assessment System for Built Environment Efficiency in Japan, and G-SEED in South Korea, the applicable types of buildings are limited when compared to Europe, and the evaluation ratio for energy efficiency is low, as there are various evaluation items. The Building Energy Efficiency Certification System of South Korea is similar to the EPBD of Europe, but, as there is no compulsory program for post-certification management, the management of energy efficiency in buildings is practically non-existent.
Management of Efficient Energy Systems Internationally
Analysis of Energy Efficiency during Management in G-SEED-Certified Apartments
Outline of Energy Efficiency Analysis
Process of Unit Selection
As the state of energy consumption during actual use is required for follow-up management of the energy efficiency of apartment houses with G-SEED units, which were completely constructed and occupied, these buildings were examined. Figure 1 shows the process of obtaining information on buildings that are certified on the official G-SEED website operated by the MOLIT [20] .
In particular, six different units in South Korea were selected for investigation after three stages of selection from units that had received incentives, as shown in Table 2 . 
Level 3
• Three years after completion of the building 6 • Current energy consumption is disclosed, as is the energy consumption analysis area A building that was over three years old since its completion was selected, because the energy consumption survey of buildings after one year of completion showed that the energy usage evaluation is insufficient due to the unsold or unoccupied housing [33, 34] . Figure 2 shows the regional G-SEED certification status and the locations of the relevant units; Unit A is located in Incheon city, unit D is in Sejong city, and the rest are in Paju and Suwon city in Gyeonggi-do. In the survey target unit, many regions had G-SEED certifications, including apartments in Seoul, but these were excluded for being within just three years of completion. There are only six unit survey targets, but, since all six units belong to regions with many G-SEED certificates, we propose that this number is sufficient to consider problems with G-SEED authentication through energy consumption analysis. A building that was over three years old since its completion was selected, because the energy consumption survey of buildings after one year of completion showed that the energy usage evaluation is insufficient due to the unsold or unoccupied housing [33, 34] . Figure 2 shows the regional G-SEED certification status and the locations of the relevant units; Unit A is located in Incheon city, unit D is in Sejong city, and the rest are in Paju and Suwon city in Gyeonggi-do. In the survey target unit, many regions had G-SEED certifications, including apartments in Seoul, but these were excluded for being within just three years of completion. There are only six unit survey targets, but, since all six units belong to regions with many G-SEED certificates, we propose that this number is sufficient to consider problems with G-SEED authentication through energy consumption analysis. 
• Three years after completion of the building 6 • Current energy consumption is disclosed, as is the energy consumption analysis area A building that was over three years old since its completion was selected, because the energy consumption survey of buildings after one year of completion showed that the energy usage evaluation is insufficient due to the unsold or unoccupied housing [33, 34] . Figure 2 shows the regional G-SEED certification status and the locations of the relevant units; Unit A is located in Incheon city, unit D is in Sejong city, and the rest are in Paju and Suwon city in Gyeonggi-do. In the survey target unit, many regions had G-SEED certifications, including apartments in Seoul, but these were excluded for being within just three years of completion. There are only six unit survey targets, but, since all six units belong to regions with many G-SEED certificates, we propose that this number is sufficient to consider problems with G-SEED authentication through energy consumption analysis. Table 3 summarizes the selected units. All six units had the same corridor type and heating system, and they had received various incentives depending on the preliminary certification grade [25] .
The six units that were analyzed obtained good grades both in the preparatory and primary G-SEED certification. In the examination of the energy efficiency grade, unit D scored first grade, Sustainability 2018, 10, 3402 6 of 20 units A, E, and F scored second grade, and units B and C scored third grade. To obtain the incentive, an energy efficiency grade of second or higher must be acquired, or more than 80 points must be acquired on the energy saving design standard energy performance index; units B and C fell under this category.
All six units chose to obtain real-time transmission of data regarding the consumption of local heating, electrical fees, and others, through remote management, and all units adopted a district heating system. Figure 3 shows the regional boundaries for comparison of the geographic details of the selected unit. Table 3 summarizes the selected units. All six units had the same corridor type and heating system, and they had received various incentives depending on the preliminary certification grade [25] .
The six units that were analyzed obtained good grades both in the preparatory and primary G-SEED certification. In the examination of the energy efficiency grade, unit D scored first grade, units A, E, and F scored second grade, and units B and C scored third grade. To obtain the incentive, an energy efficiency grade of second or higher must be acquired, or more than 80 points must be acquired on the energy saving design standard energy performance index; units B and C fell under this category.
All six units chose to obtain real-time transmission of data regarding the consumption of local heating, electrical fees, and others, through remote management, and all units adopted a district heating system. Figure 3 shows the regional boundaries for comparison of the geographic details of the selected unit. The compared units are located close to the surveyed subjects and were selected based on similarities in the number of households and year of construction. The location was considered to ensure the local climate impact on energy efficiency was comparable, and the number of households was chosen as a condition, since it influences the use of energy [32] .
Survey Content
The AMIS is a system that is operated by the Korea Appraisal Board, with the MOLIT as the authority. About 15927 units (as of September 2018) have been registered as apartment houses nationwide. Information about their maintenance fees, maintenance and management, and warranties, Sustainability 2018, 10, 3402 7 of 20 amongst others, is available. At present, information about maintenance costs since 2012 can be accessed along with the energy consumption of the whole unit, energy consumption (won/m 2 ) of the area for exclusive use, and average energy consumption in the district where the unit is located. Moreover, the maintenance costs for common use based on the area for exclusive use, such as heating, hot-water supply, electricity, common consumption, and exclusive use in individuals' bills, are categorized.
For the energy analysis of apartment houses with G-SEED certification, the maintenance cost of each unit from the AMIS from January to December 2017 was assessed. Heating costs, hot-water costs, and electric charges, which corresponded to individual energy consumption, were analyzed, and only exclusive consumption, except for common use, was considered. Figure 4 shows the process of investigating the energy usage of AMIS's apartments, and we investigated the average energy consumption of the city, district, and surrounding six surveyed subjects, as described above.
The compared units are located close to the surveyed subjects and were selected based on similarities in the number of households and year of construction. The location was considered to ensure the local climate impact on energy efficiency was comparable, and the number of households was chosen as a condition, since it influences the use of energy [32] .
The AMIS is a system that is operated by the Korea Appraisal Board, with the MOLIT as the authority. About 15927 units (as of September 2018) have been registered as apartment houses nationwide. Information about their maintenance fees, maintenance and management, and warranties, amongst others, is available. At present, information about maintenance costs since 2012 can be accessed along with the energy consumption of the whole unit, energy consumption (won/m 2 ) of the area for exclusive use, and average energy consumption in the district where the unit is located. Moreover, the maintenance costs for common use based on the area for exclusive use, such as heating, hot-water supply, electricity, common consumption, and exclusive use in individuals' bills, are categorized.
For the energy analysis of apartment houses with G-SEED certification, the maintenance cost of each unit from the AMIS from January to December 2017 was assessed. Heating costs, hot-water costs, and electric charges, which corresponded to individual energy consumption, were analyzed, and only exclusive consumption, except for common use, was considered. Figure 4 shows the process of investigating the energy usage of AMIS's apartments, and we investigated the average energy consumption of the city, district, and surrounding six surveyed subjects, as described above. 
Energy Efficiency Status Analysis
Elements that determine the energy efficiency of a building are identified based on the behavior of the user, but, as users of various characteristics reside in communal housing, the energy consumption characteristics of the entire building are not determined by a specific resident; we instead analyzed it based on the total energy consumption of the building, while not considering the behavior of its individual users.
The energy consumption of unit A was lower than that of other similar units (A-1, A-2, A-3, and A-4) in terms of heating costs, hot water fees, and electricity charges. Table 4 shows the summary of four surrounding buildings to analyze the energy consumption of unit A. A-1 and A-2 had also received G-SEED certificates, but A-3 and A-4 had not. Particularly, A-1 was similar to A in terms of the number of households, height of the highest floor, and heating system. As for the corridor types, unit A was classified as stair-type, whereas the A-1 unit was classified as tower-type. When energy consumption was compared between the two units, A-1 showed especially high energy consumption, which was attributed to the difference in corridor types. A-2 consisted of a similar number of households and the same corridor type and heating system. As shown in Figure 5a , the heating energy consumption of the two units was similar, but A-2 used more energy for hot water, as shown in Figure 5b . Unit A used more electricity, as shown in Figure 5c . Although A-3 and A-4 used less energy for heating than unit A, their energy consumption for hot water was larger than that of unit A. Furthermore, A-3 consumed more electricity than A, whereas A-4 consumed less. Therefore, the energy efficiency of unit A was not high in comparison with the energy usage of the surrounding units. Particularly, unit A showed noticeably high energy consumption patterns when compared to the city and district averages. Thus, the energy efficiency was not high, even though a G-SEED certificate was issued.
Units B and C belonged to zones where housing site development was expected. As there were only two units within the relevant area, only these two units could be compared. Accordingly, the data were analyzed based on the average energy consumption of the two units, city, and district. Both units scored the third grade of the energy efficiency grade certification when their construction was completed. This proved that they had low energy efficiency at the follow-up stage, as shown in Figure 6 . Furthermore, the two units showed similar energy consumption for heating (Figure 6a) . The average energy consumption of the district was also similar. However, when compared with the energy consumption of the cities where units B and C were located, the energy consumption of these units was higher. As shown in Figure 6b , the consumption of the two units was similar for hot water, but it was higher than the average consumption of city. Figure 6c shows that the electricity consumption of units B and C showed similar values, but the summer electrical energy consumption of these units was higher than the average energy consumption of the district and city. Figure 6b , the consumption of the two units was similar for hot water, but it was higher than the average consumption of city. Figure 6c shows that the electricity consumption of units B and C showed similar values, but the summer electrical energy consumption of these units was higher than the average energy consumption of the district and city. Table 5 shows the characteristics of units surrounding unit D for energy consumption comparison. D-1 did not receive G-SEED certification, but its corridor type and heating system were identical to those of unit D. Although D-2 acquired G-SEED certification, it received a lower grade than did unit D. Figure 7 shows a comparison of the energy consumption of unit D and other units for heating, electrical, and hot water energy consumption. In the energy consumption comparisons, units D, D-1, and D-2 showed higher consumption for heating than the average energy consumption of the city (Figure 7a ). The energy consumption for hot water for units D and D-1 was higher than that of the city average (Figure 7b ). For electricity consumption, unit D showed the lowest usage trend, and D-2 used the most energy (Figure 7c ). Although unit D showed higher energy consumption values as compared to the city averages, it consumed the lowest amount when compared to the other units, followed by D-2, which received grade 3 of G-SEED. Thus, the uncertified D-1 unit consumed the largest amount of energy. Table 5 shows the characteristics of units surrounding unit D for energy consumption comparison. D-1 did not receive G-SEED certification, but its corridor type and heating system were identical to those of unit D. Although D-2 acquired G-SEED certification, it received a lower grade than did unit D. Figure 7 shows a comparison of the energy consumption of unit D and other units for heating, electrical, and hot water energy consumption. In the energy consumption comparisons, units D, D-1, and D-2 showed higher consumption for heating than the average energy consumption of the city (Figure 7a ). The energy consumption for hot water for units D and D-1 was higher than that of the city average (Figure 7b ). For electricity consumption, unit D showed the lowest usage trend, and D-2 used the most energy (Figure 7c ). Although unit D showed higher energy consumption values as compared to the city averages, it consumed the lowest amount when compared to the other units, followed by D-2, which received grade 3 of G-SEED. Thus, the uncertified D-1 unit consumed the largest amount of energy. Building-to-land ratio 172% 154% 177%
Floor area ratio 12% 17% 12%
Number of building parts 11 10 13 The construction of unit E was completed in May 2013. It consisted of 3498 households, its corridor type was stair-type, and it had adopted the district heating method. Although attempts to select similar surrounding units that are based on the number of households and construction year The construction of unit E was completed in May 2013. It consisted of 3498 households, its corridor type was stair-type, and it had adopted the district heating method. Although attempts to select similar surrounding units that are based on the number of households and construction year were made, no comparable units were identified. Therefore, comparisons were made with the district's average energy consumption and city's average energy consumption only. Figure 8a compares the energy consumption for heating. The energy consumption of unit E was continuously higher than the average energy consumption of the district and city. Figure 8b compares the energy consumption for hot water. Throughout the year, the energy consumption of unit E was higher than the average energy consumption of the district and city. Figure 8c compares the electrical energy consumption, and the energy consumption of unit E registered large differences when compared with the average energy consumption of the district and city. were made, no comparable units were identified. Therefore, comparisons were made with the district's average energy consumption and city's average energy consumption only. Figure 8a compares the energy consumption for heating. The energy consumption of unit E was continuously higher than the average energy consumption of the district and city. Figure 8b compares the energy consumption for hot water. Throughout the year, the energy consumption of unit E was higher than the average energy consumption of the district and city. Figure 8c compares the electrical energy consumption, and the energy consumption of unit E registered large differences when compared with the average energy consumption of the district and city. The construction of unit F was completed in November 2014. It consisted of 1880 households, its corridor type was stair-type, and it had adopted the district heating method. Although attempts to find similar surrounding units that were based on the number of households and construction year were made, no comparable units were identified. Therefore, comparisons were made with the district's and city's average energy consumption. Figure 9a shows the comparison of energy consumption for heating. When the energy consumption for January, February, March, November, The construction of unit F was completed in November 2014. It consisted of 1880 households, its corridor type was stair-type, and it had adopted the district heating method. Although attempts to find similar surrounding units that were based on the number of households and construction year were made, no comparable units were identified. Therefore, comparisons were made with the district's and city's average energy consumption. Figure 9a shows the comparison of energy consumption for heating. When the energy consumption for January, February, March, November, and December were examined, i.e., when the temperature was low, or when it was winter in South Korea, the energy consumption of unit F was noticeably high. Figure 9b shows the comparison of energy consumption for hot water. Throughout the year, the energy consumption of unit F was higher than the average energy consumption of the district and city. Figure 9c shows the comparison of the electrical energy consumption. The energy consumption of unit F showed large differences when compared with the average energy consumption of the district and city. 
Discussion
When the maintenance cost for one year was investigated to identify the energy efficiency grade or the energy consumption of the six G-SEED-certified units with incentives, the amount of energy use of some units was smaller than that of the surrounding units, but others had higher energy consumption than the surrounding units. In total, energy consumption was higher than the average of the city or district, as shown in Table 6 . Based on the annual average data of heating, hot water, and electrical energy consumption for the estimation of energy consumption, Table 6 compares the average values of the units with the values of the surrounding units, district, and city. The gap differences are shown with ↑, ↑↑, and ↑↑↑. The data indicate that unit A consumed less energy for heating and hot water than the surrounding units, and the energy consumption for hot water and 
When the maintenance cost for one year was investigated to identify the energy efficiency grade or the energy consumption of the six G-SEED-certified units with incentives, the amount of energy use of some units was smaller than that of the surrounding units, but others had higher energy consumption than the surrounding units. In total, energy consumption was higher than the average of the city or district, as shown in Table 6 . Based on the annual average data of heating, hot water, and electrical energy consumption for the estimation of energy consumption, Table 6 compares the average values of the units with the values of the surrounding units, district, and city. The gap differences are shown with ↑, ↑↑, and ↑↑↑. The data indicate that unit A consumed less energy for heating and hot water than the surrounding units, and the energy consumption for hot water and electricity of unit B was lower than that of the surrounding units. All the other units showed higher values when compared with the average energy consumption of the surrounding units, district, and city.
The G-SEED certification confirms that the buildings were constructed to facilitate high energy efficiencies. Thus, Table 6 indicates that problems developed because the buildings were not properly managed in terms of actual energy consumption. Therefore, maintaining the energy efficiency of G-SEED-certified buildings requires continuous management with respect to actual energy consumption. Especially, in the case of the six-unit survey targets, G-SEED authentication of environmentally friendly buildings is available, since certification was less than a decade ago. Additionally, since all the survey target units received cost and institutional incentives, there can be economic concerns if the energy usage is not maintained after certification. Therefore, it is necessary to steadily manage buildings that are certified by G-SEED during the actual use stage, making it necessary to institutionally supplement energy efficiency management.
Improvement Plan to Increase Energy Efficiency in Apartments
Analysis of Energy Management System in South Korea (G-SEED)
In South Korea, the apartment housing management law was enacted on 12 August 2016 to decide on issues that need to be managed in apartment houses and ensure that apartment houses are managed transparently, safely, and efficiently. Apartment houses with 150 or more households have to be managed obligatorily and should submit the data demanded by the AMIS. The relevant content means that all the information related to the management of apartment houses, including information about the units, maintenance costs, record of maintenance and management, bidding, energy use, audits, and housing transfer dates, amongst others, are registered, saved, and managed in the system. When a user accesses the AMIS and chooses a unit using the legal Dong or road name, the maintenance costs, records, current state of maintenance and management, and bidding rates of the relevant unit can be checked in addition to basic data. In the category of green/energy information, data regarding the G-SEED certification status and acquired energy consumption grade are linked. Most of the units had G-SEED certifications, but the information was not updated properly. Since the enactment of the green architecture law, the energy use grade certification must be attached for a real estate deal, but, since notification is not compulsory, it was hard to find instances of publication except for units with high grades.
Analysis of Energy Efficiency Management Systems Internationally
Efficiency Guidelines for Buildings in the European Union (EPBD)
The E.U. enacted "the revised bill (plan) of the guideline about a building's energy efficiency, 2002" and discussed the concept of "carbon dioxide emission and the building whose primary energy consumption is small or close to zero (finally defined as 'an energy-zero building') through reduction of greenhouse gases and energy security policies" [35] . In particular, beyond "an energy-zero building", stricter requirements to guarantee the supply of energy-zero buildings were proposed, which would ensure that by 31 December 2018 all new buildings in the E.U. are energy-zero buildings [36] .
Furthermore, the existing standard for buildings over 1000 m 2 has been removed, and all of the buildings have been included. Facilities have to be upgraded to match the present standards. Plans for optimal expenditure and expanded investment for the improvement of energy efficiency have been included. The amendment of the revised plan on buildings' energy efficiency guidelines was approved on 23 April 2009, and relevant content was enacted as new guidelines in 2010. Figure 10 illustrates the energy performance grade certification that was issued by the E.U., which offers information about energy efficiency and carbon dioxide emissions of the relevant building. It should be checked by both the buyer and lessee in case of a real estate deal. The energy performance certificate (EPC) consists of two types of information, namely information about housing energy consumption and recommendations for improving energy efficiency, as shown in Figure 11 . The purposes of issuing an EPC, are, firstly, to induce a building's or house's retrofit by providing information about the building's energy performance, and, secondly, to boost investment in energy efficiency by offering reliable information about a building's energy performance to the real estate market. An EPC not only provides information about a building's or house's performance, but also about, for example, the cost of the means used to improve housing efficiency (insulation reinforcement, exchange of windows and doors, and change to a high-efficiency boiler, amongst others), yearly amount of saved energy, and financial support from the government for different means to improve housing efficiency.
Major Industrial Countries (U.S.A. (Energy Star), Japan (CASBEE))
The U.S.A. and Japan are conducting diverse programs for building energy efficiency, but systematic sanctions are not being imposed on inefficient energy use, except for the certification of energy efficiency grades [4] [5] [6] [27] [28] [29] [30] .
Improvement Plan for Energy Efficiency Management System of Apartments
The current AMIS provides energy consumption information only, and efficient follow-up management is not being conducted. Domestic energy efficiency management will be feasible if systematic management is conducted by applying international energy management systems.
The analysis of domestic and foreign energy efficiency management systems shows that the AMIS currently operated in South Korea offers only information about the present state by ordering management offices to collect information and submit it to the system when users consume energy. Compared to the energy efficiency management system of the E.U., specific energy consumption and grades, amount of carbon dioxide emissions, potential to save energy, and other parameters are not present in the South Korean system. In addition, in the case of apartment houses under repair, records and the current status of their maintenance and management are available to the public, but the duration of each construction type is announced without information regarding their age. Thus, it is difficult for users to recognize whether energy consumption is high or low using the AMIS, and its consumption is not managed well. Thus, the system should be enhanced based on other international systems.
If a real-time energy efficiency management system is implemented by adopting the advantages of EPBD, energy will be effectively managed in the future through the "energy efficiency management system of apartments" in South Korea. On this basis, an improvement plan for supplementing the energy efficiency management system of apartments is shown in Figure 12 .
difficult for users to recognize whether energy consumption is high or low using the AMIS, and its consumption is not managed well. Thus, the system should be enhanced based on other international systems.
If a real-time energy efficiency management system is implemented by adopting the advantages of EPBD, energy will be effectively managed in the future through the "energy efficiency management system of apartments" in South Korea. On this basis, an improvement plan for supplementing the energy efficiency management system of apartments is shown in Figure 12 . Figure 12 presents measures for improving the present approach to the AMIS. Users themselves can access data regarding energy consumption and maintenance costs, amongst others, about the units. They can access information about the average energy consumption of the apartment house, relevant district, and city. Moreover, when energy use is higher than the average of the district or city, it is restricted and penalized. When energy use is lower than the average, incentives, such as tax exemption, are offered; energy consumption can thus be regulated. Furthermore, a building hardware management system can be operated simultaneously for the maintenance and management of apartment houses to manage the building's energy efficiency system along with the building itself.
Conclusions
This study aimed to determine the reality of energy efficiency management of apartment houses that obtained high energy efficiency grade certification for G-SEED and related incentives in South Korea. It also highlights the necessity of upgrading the AMIS and suggests improvement measures. After investigating only six apartments, we cannot definitively determine that the post-management of all G-SEED apartments is sluggish, but most of the target units showed a higher usage rate than the city's and district's average energy consumption. Therefore, this could confirm that the institutional formulation and management of buildings that received G-SEED certification were not done.
Energy usage management of AMIS apartments that are currently under operation is desirable, but the simple act of disclosing energy usage does not result in sanctions or rewards for high or low usage. Therefore, the current AMIS energy management system must be improved through complementary systems. Analysis of domestic and foreign energy efficiency management systems helped us to understand the real state of energy use in the South Korean AMIS. Based on this, specific measures to enhance efficiency, such as energy use grade degrees, energy saving potential, and carbon dioxide emissions reduction, are necessary.
As energy efficiency is becoming increasingly important, the South Korean government is creating a policy for zero-energy housing, which will have a system of producing and consuming energy on its own (a zero-energy building certification system was implemented in January 2017). Furthermore, zero-energy buildings are gradually becoming compulsory. The government should recognize that, even after apartment houses were built to maximize energy efficiency through G-SEED certification, poor follow-up management has led to poor management of energy consumption. After G-SEED certification, excess energy usage will result in economic losses, while reduced energy usage through sanctions will result in the relaxation of the floor area ratio or a cost incentive, like tax reductions. This study suggests that G-SEED buildings must publish their energy efficiency properly by enhancing the AMIS established to manage it.
There are a few limitations to this research. By considering different characteristics, analyzing the area per household, income level, residential staff, etc., it is possible to grasp more accurate forms of energy usage and problems. But, in order to compare the G-SEED-certified buildings' energy usage with the average usage of a city or county district, we had to limit our analysis to only that based on the energy usage per dedicated area. Due to restrictions in obtaining relevant information, we were not able to use international units. As more buildings are certified by G-SEED in the future, we will be able to overcome some of these limitations with more thorough sample availability. 
